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Inspired by last year at SABER…
Scott Freeman et al, PNAS 2014:  
 
“Active learning increases student 
performance in science, 
engineering, and mathematics” 

Travis Lund et al, CBE-LSE 2015: 
 
Using COPUS to capture 
department-wide instructional 
practices. 
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a quarter clustered as some form of peer instruction, around 
fifteen percent into Socratic, and roughly a tenth into collab-
orative learning. Figure 2 presents the characteristics of the 
class periods present in each of these four instructional styles.

Figure 2a highlights major differences in the distribu-
tion of instructional styles by STEM disciplines. Chemistry, 
physics, and engineering courses are most often taught 
through lecturing (notably, the engineering data only rep-
resent eight class periods). PI can be found in ∼40% of the 
biology and biology-related class periods. Interestingly, half 
of the mathematics class periods were taught with collabo-
rative learning; however, since the total number of periods 
in that discipline is small, these results should be taken with 
caution. Further studies using this methodology are re-
quired to understand differences in instructional practices 
between STEM disciplines.

Figure 2b presents the distribution of the four instruc-
tional styles across various course levels. A chi-square anal-
ysis indicates a statistically significant higher proportion of 
PI in freshman/sophomore courses compared with upper- 
undergraduate and graduate courses, which are dominated 
by lecturing and Socratic instructional styles; χ2(6269) = 37.94, 
p < 0.001, Cramer’s V = 0.0266.

transitional RTOP scores, RTOP scores can measure vari-
ability in student-centeredness within the COPUS profiles. 
Figure 1 presents this orthogonality in the RTOP and COPUS 
data. Looking horizontally along RTOP scores, it is notable 
that a variety of instructional styles can achieve a similar 
RTOP score. These data also highlight the variations in in-
structional practices that faculty members employ. Looking 
vertically across a week’s worth of recordings (M/W/F or T/
Th), it is notable that some instructors teach using the same 
instructional style, while others may use two or even three 
classroom instructional strategies across the course of just a 
single week (see insert within Figure 1). This provides good 
evidence that at least two or three successive classroom vis-
its are necessary to adequately characterize an instructor’s 
classroom practices; it may be that additional visit could 
demonstrate additional instructional variability in some of 
our faculty members.

Representation of COPUS Profiles in STEM Courses 
at Research-Intensive Institutions
Approximately half of the 269 observed STEM class periods 
clustered into the lecturing instructional style, while around 

Figure 2. Distribution of the four instructional styles by (a) disciplines, (b) course level, (c) class size, (d) classroom physical layout, and  
(e) faculty teaching experience. N refers to the total number of class periods that fell into the specific category.
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Next Generation Research Questions…
•  Do different active learning techniques contribute 

more to student learning than others?  

•  Is more always better? 
 
Our operationalized variables (what we measured):  
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COPUS data about specific 
classroom practices 

  ? 



Course 
Year

# Course 
Sections

1 13 
2 9 
3 5 
4 6 

Scope and Tools

COPUS observations

•  33 lecture sections in    
17 biology classes  

•  For each, observed “a 
typical week” (~3 hours) 

Diagnostic tests

•  One test per course; 
developed with instructor 

•  ~10-15 multiple choice 
concept questions 

•  217 questions total, 
compiled from validated 
inventories or developed 
with instructors 

•  Over 6500 (non-unique) 
students tested  



Normalized change for a given student (from Marx & Cummings 2007): 
For increases: (Post – Pre) / (100 – Pre)                For decreases: (Post – Pre) / (Pre) 

Instructional styles & learning gains
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Peer discussion using clickers

•  Clickers 

•  Our dept has spent 
time on these –easily 
implemented and 
good to do. 

•  Worksheets 
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Average % class time -  
students doing clicker discussion 

Size of data point indicates relative size of class section. 

F1,32 = 5.51, r2 =  0.27, p =0.03 
 

 
 

Here, more is 
better… 

to a point. 

82% of our classes 
spend at least 
some time on 

peer discussion 
with clickers. 



Impact of the presence/absence 
of a given activity

Class 
level

# 
sections

Section 
size 

% sections using 
groupwork

Years 
1&2 22 242 +/- 48 100% 

Years 
3&4 11 99 +/- 88 64% 

100% using clickers 
41% using worksheets 
91% using ‘other groupwork’ 

 
 

Using the 1st/2nd year data:  
Use of worksheets, in particular, supports student learning
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For worksheets,  
is more time-on-task better?

•  Clickers 

•  Our dept has spent 
time on these –easily 
implemented and 
good to do. 

•  Worksheets 
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Average % class time -  
students doing worksheets in groups  

Size of data point indicates relative size of class section. 

A trend, but the fit is 
not significant. 

 
How to account for 

the variability 
between sections? 
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A trend, but the fit is 
not significant. 

 
How to account for 

the variability 
between sections? 

 
 
 
 
 

 
 

Can we rule out 
worksheet ‘quality’? 

Two different 
sections using the 
same worksheet 
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Average % class time -  
students doing worksheets in groups  

Size of data point indicates relative size of class section. 

 
 

Class time, choreography, and 
concurrent activities

Raw COPUS 
data of each 

class: 



Conclusions & Next Steps
Instructional style has a big impact on student learning! 
 

Clickers (at least for us) are a valuable use of class time 
•  Even trying clicker peer discussion in a small way is beneficial 
•  Choreography has been well-developed/supported 

 

Worksheets: promising, but:  
•  Good potential for structured work and feedback 
•  We need to think carefully about worksheet choreography 

within the class, and other factors 
 

More active is generally better… but the data doesn’t 
account for all of the variability: 

•  Current data is not yet a strong predictor 
•  Need stronger analyses of COPUS, and need other tools! 



Validated	  concept	  ques0ons	  -‐	  topic  Author 
Biomechanics Knudsen	  et	  al.,	  2003 

Gene7cs Smith	  et	  al.,	  2008 

Osmosis Fisher	  et	  al.,	  2011 

Meiosis Kalas	  et	  al.,	  2013 

Molecular	  Biology Couch	  et	  al.,	  2014 

Phylogene7c	  trees Baum	  et	  al.,	  2010 

Gene7c	  driD Price	  et	  al.,	  2013 

Dominance Abraham	  et	  al.,	  2014 

Biochemistry Villafane	  et	  al.,	  2011 

Popula7on	  Dynamics Hansen	  et	  al. 

Biological	  Experimental	  Design Deane	  et	  al.,	  2014 

Transcrip7on	  and	  Transla7on Taylor	  et	  al. 

Carbon	  cycling Cordero	  Maskiewicz	  et	  al.,	  2012 

Physiology Michael	  et	  al.,	  2002;	  Michael,	  1998	  &	  1999. 

Molecular/Cell	  Biology Shi	  et	  al.,	  2010 

Intro	  Biology Klymkowsky	  et	  al.,	  2010 

Photosynthesis Parker	  et	  al,	  2012 

Enzyme-‐substrate	  interac7ons Linenberger	  and	  Bretz,	  2012 

Thank you!


